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TWO SPEED ALL WHEEL DRIVE SYSTEM 

FIELD OF THE INVENTION 
[0001] The present invention relates in general to vehicle power trains 
and more specifically to a design and method of manufacture for a multiple 
speed all wheel drive motor vehicle power train including a power take-off unit. 

BACKGROUND OF THE INVENTION 

[0002] Four (4) main types of automotive power trains, commonly 
known as full-time rear wheel drive systems, full-time front wheel drive systems, 
part-time four wheel drive systems, and all wheel drive systems are known. All- 
wheel drive systems are gaining popularity for their ability to deliver driving 
traction to all four vehicle wheels with undiminished vehicle speed. All-wheel 
drive systems, however, often suffer from the inability to vary the amount of 
torque delivered between the front and rear drive axles. Common systems have 
a single speed with continuous all-wheel drive. Common all-wheel drive systems 
therefore have limited or no capability to maximize drive torque for "off-road", 
snow, or similar driving conditions when greater drive torque at slower vehicle 
speeds is desirable. 

[0003] All-wheel drive systems are known which use a power take-off 
unit (PTU) to distribute torque between the front and rear drive axles of a vehicle. 
Torque is normally distributed in a predetermined percentage, such as 40 
percent to the front drive axles and 60 percent to the rear drive axles. Known 
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PTU's do not provide the capability to both vary the amount of torque delivered 

between the front and rear drive axles and to provide different vehicle operational 

speed ranges. This includes the capability to provide, for example, a varying 

torque to the different drive axles and a low speed range for low traction driving 

conditions. 

SUMMARY OF THE INVENTION 

[0004] In one form, the present teachings provide a drive system for a 
vehicle having a transmission with an output for providing rotary power to each of 
a front set of wheels and a rear set of wheels. The drive system includes a first 
differential, a power take-off unit, a second differential and a two mode drive unit. 
The first differential is coupled to the output of the transmission and receives 
drive torque therefrom. The power take-off unit is operably coupled to the first 
differential. The second differential connects the power take-off unit to the rear 
wheel set and provides a portion of the drive torque to the rear wheel set. The 
two mode drive unit is positioned between the power take-off unit and the second 
differential and is operable to shift between a high range all-wheel drive operation 
and a low range all-wheel drive operation. 

[0005] In another form, the present teachings provide a vehicle drive 
train having a first differential, a power take-off, a multi-speed gearbox and an 
axle with a second differential. The first differential is adapted to receive a rotary 
input from a vehicle transmission and has a first output, which is configured to 
drive a first set of vehicle wheels, and a second output. The power take-off has 
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an input, which is coupled to the first differential and receives rotary power from 
the second output, and an output. The multi-speed gearbox has an input, which 
receives rotary power from the output of the power take-off unit, and an output. 
The multi-speed gearbox being operable in at least a first gear ratio and a 
second gear ratio. The second differential has an input that receives rotary 
power from the output of the multi-speed gearbox. 

[0006] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0008] Figure 1 is a partial plan view of an under surface of an 
automobile having a two speed all wheel drive system constructed in accordance 
with the teachings of the present invention; 

[0009] Figure 2 is a perspective view of a portion of the two speed all 
wheel drive system of Figure 1 , showing the component parts of a center double 
planetary gear set differential; 

[0010] Figure 3 is a perspective view of an exemplary power take-off 
unit constructed in accordance with the teachings of the present invention; 
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[0011] Figure 4 is a perspective assembly view showing tlie 
component parts of the power take-off unit of Figure 3; 

[0012] Figure 5 Is a perspective view of a rear axle assembly showing 
a drive unit directly mounted to a rear differential; 

[0013] Figure 6 is an exploded perspective view of a drive unit; 

[0014] Figure 7 is a cross sectional view of a drive unit; and 

[001 5] Figure 8 is a schematic view showing another embodiment for a 
two speed all wheel drive system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the Invention, its 
application, or uses. 

[0017] With reference to Figure 1 , a two speed all wheel drive system 
10, constructed in accordance with the teachings of the present invention, is 
shown in an exemplary installation viewed from an under surface of a vehicle 12. 
Vehicle 12 may include an engine 14, a transmission 16 and a drive train that 
may include a center differential 18 and a power take off unit (PTU) 20. A PTU 
input shaft 22 may connect center differential 18 to PTU 20. A left half shaft 24 
may rotatably couple to center differential 1 8, providing rotating torque to a left 
front wheel 26 of a front wheel set 28. A right half shaft 30 may rotatably connect 
through PTU 20 to center differential 18 and provide drive torque to a right front 
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wheel 32. Right front wheel 32 and left front wheel 26 both form front wheel set 
28. 

[0018] Drive torque is distributed from PTU 20 through a prop shaft 34 
which may have a first shaft portion 36 and a second shaft portion 38, 
respectively, to a drive unit 40. Drive unit 40 may be directly mounted to a rear 
axle 42 of vehicle 12 as shown in the particular example provided. Rear axle 42 
may include a differential 42a, a left rear axle shaft 44, which is coupled to the 
differential 42a and which transmits rotational torque to a left rear wheel 46 of a 
rear wheel set 48, and a right rear axle shaft 50, which is also coupled to the 
differential 42a and which transmits drive torque to a right rear wheel 52. Both 
right rear wheel 52 and left rear wheel 46 combine to form rear wheel set 48. 

[0019] With additional reference to Figure 2, center differential 18 may 
include a double planetary gear differential assembly 54. Differential assembly 54 
may include a case right half 56, an input planet carrier 58, an internal gear 60 
providing front wheel drive input, a sun gear 62 rotatably disposed within internal 
gear 60, and a gear shaft 64. A planet carrier 66 may provide output torque to 
right front wheel 32 (shown in Figure 1). Gear shaft 64, which forms a portion of 
right half shaft 30, may be coupled for rotation with planet carrier 66. Planet 
carrier 66 may include a plurality of planet gears 67 each rotatably connected to 
planet carrier 66 via a pin 68. Planet gears 67 may meshingly engage with a. ring 
gear 69 of internal gear 60. Planet carrier 58 may also be provided with a 
plurality of planet gears (not shown) each connected to planet carrier 58 by a pin 
(not shown) to operatively create a double planetary gear set rotatably 
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engageable with ring gear 69. A sun gear 70 may provide output torque to left 

front wheel 26 via a gear shaft 71 , which forms a portion of left half shaft 24. 

Gear shaft 71 may be rotatably disposed in a case left half 72. An input gear 74 

may provide input torque to differential assembly 54 directly from transmission 

16. PTU input shaft 22 may be rotatably driven by rotation of sun gear 62. 

[0020] With further reference to Figures 3 and 4, PTU 20 may include a 

PTU case 76 and a rear output connector 78. PTU Input shaft 22 is shown at its 

connection to PTU case 76. Rear output connector 78 is fastenably connected to 

first shaft portion 36 of prop shaft 34, (Figure 1). PTU case 76 may include a 

center case section 79, a first end plate 80 and a second end plate 82. An outer 

seal 84 may seal PTU input shaft 22 as PTU input shaft 22 penetrates an 

aperture 86 of second end plate 82. PTU input shaft 22 may include a hollow 

shaft portion 88 which provides internal rotational clearance for right half shaft 30 

which may freely rotate and operatively pass through PTU 20 within hollow shaft 

portion 88. Hollow shaft portion 88 may be supported between second end plate 

82 and center case section 79 by a first bearing 89 and a second bearing 90. 

Right half shaft 30 may penetrate center case section 79 and be supported 

between center case section 79 and first end plate 80 by a right half shaft 

bearing 92. Right half shaft 30 may penetrate first end plate 80 via an aperture 

94 which may be provided with an outer seal 96. PTU input shaft 22 may also 

include a gear 98. 

[0021] Within PTU 20, gear 98 may meshingly engage an idler gear 
100. Idler gear 100 may be supported by an outer roller bearing 102 and a 
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bearing race 104 to second end plate 82. Idler gear 100 may also be supported 
by an inner roller bearing 106 and a bearing race 108 to center case section 79. 
An output gear assembly 110 may be provided within center case section 79. 
Output gear assembly 110 may include an output gear 112, a hypoid ring gear 
114, and a flange 116 which fastenably supports hypoid ring gear 114 to output 
gear assembly 110. A first end 117 of output gear assembly 110 may be 
supported by a bearing 1 18 at second end plate 82. Similarly, a second end 1 19 
of output gear assembly 110 may be supported by a bearing 120 to first end 
plate 80. A mating hypoid pinion gear 122 meshingly engages hypoid ring gear 
1 14. Hypoid pinion gear 122 may be supported on a rear output gear shaft 124 
through a rear aperture 125 of center case section 79. Rear output gear shaft 
124 may be rotatably supported within center case section 79 by a first bearing 
126 and may be supported outside of center case section 79 by a second 
bearing 128. Rear output connector 78 may be splined to rear output gear shaft 
124 and fastenably fixed to output gear shaft 124 by a fastener 130. At least one 
seal 132 may also be positioned between rear output connector 78 and center 
case section 79 at rear aperture 125. 

[0022] In the example provided, rotational torque may be applied to 
PTU input shaft 22 from sun gear 62 of center differential 18 (Figure 2). Gear 98 
of PTU input shaft 22 meshingly engages idler gear 100. Idler gear 100 in tum 
meshingly engages output gear 112. Rotation of output gear 1 12 rotates hypoid 
ring gear 114. Drive torque to rear wheel set 48 (Figure 1) is provided by rotation 
of hypoid ring gear 114 and hypoid pinion gear 122 which rotates rear output 
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gear shaft 124. Rotation of rear output gear shaft 124 rotates rear output 
connector 78 and thereby rotates prop shaft 34 (Figure 1). Right half shaft 30 
rotates within hollow shaft portion 88 of PTU input shaft 22 to provide drive 
torque directly to right front wheel 32 (Figure 1). 

[0023] With reference to Figure 5, a first connector half 134, which is 
coupled to prop shaft 34, may be coupled to a second connector half 136 that is 
associated with drive unit 40, to facilitate the transmission of rotary power from 
the prop shaft 34 to drive unit 40. Drive unit 40 may include a housing 138 that 
may be fastenably connected to the housing of the rear axle 42 (as best seen in 
reference to Figure 7). A shift unit 140 may be coupled to housing 138. Drive 
torque may be transmitted via drive unit 40 through rear axle 42 to rear wheel set 
48 (shown in Figure 1). Shift unit 140 may include an electrical actuator that may 
be operated, for example, from an electric power source commonly provided by 
vehicle 12. An exemplary shift unit is manufactured by the Joseph Pollak 
Corporation of Boston, Massachusetts. Shift unit 140 may include a linear 
actuator (not shown) which translates a shift fork 154 (described in further detail 
in reference to Figure 6). Shifting of shift unit 140 is not limited to a linear 
actuator and may also be accomplished using a solenoid operator, a vacuum 
diaphragm, a hydraulic operator, a cable, etc. as one of ordinary skill in the art 
will readily appreciate in view of this disclosure. 

[0024] With reference to Figure 6, drive unit 40 may include a planet 
carrier 141. Planet carrier 141 may include a plurality of pins 142, each 
supporting one of a plurality of planet gears 143 on a bearing 144. Planet carrier 
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141 may rotate within an internal gear 146. A first dog-ring plate 148 may be 
coupled for rotation with planet carrier 141. First dog-ring plate 148 may be 
connected by a plurality of fasteners (not shown) or othenvise fastenably 
connected to planet carrier 141. A shift collar 150 may meshingly engage 
internal gear 146 and may translate in either a shift direction "A" or a shift 
direction "B" within internal gear 146. A second dog-ring plate 152 may be 
fixedly connected to an interior surface of shift collar 150, for example by 
welding. A third dog-ring plate 160 may be fixedly coupled for rotation with 
second connector half 136. A sun gear shaft 161 may be coupled for rotation 
with second connector half 136 and may be disposed through each of third dog- 
ring plate 160, shift collar 150, second dog-ring plate 152, first dog-ring plate 148, 
internal gear 146, and planet carrier 141 , where a sun gear 162 of sun gear shaft 
161 meshingly engages the plurality of planet gears 143. Shift fork 154 may 
have a pair of tines 156 that may be disposed in an annular channel 158 of shift 
collar 150 such that displacement of shift fork 154 by shift unit 140 causes shift 
collar 150 to translate in either of shift direction "A" or shift direction "B". 

[0025] Shift fork 154 may be displaced in shift direction "A" to translate 
shift collar 150 (and second dog-ring plate 152) into a position where a plurality 
of extensions 166 of second dog-ring plate 152 engage a plurality of mating 
extensions 164 of first dog-ring plate 148. Displacement in shift direction "A" 
locks internal gear 146 to planet carrier 141 to facilitate torque transmission 
between second connector half 136 and planet carrier 141 in a high range or 
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relatively high speed ratio. This results in rotation of each of planet carrier 141, 
internal gear 146 and sun gear shaft 161. 

[0026] Shift fork 154 may also be displaced in shift direction "B" to 
translate shift collar 150 (and second dog-ring plate 152) into a position where a 
plurality of extensions 168 on an opposite side of second dog-ring plate 152 
engage a plurality of extensions 170 on third dog-ring plate 160. In this condition, 
internal gear 146 is locked in a stationary, non-rotating condition that permits 
planet gears 143 to perform a speed reduction and torque multiplication 
operation so that torque is transmitted between second connector half 136 and 
planet carrier 141 in a low range, or relatively low speed ratio. 

[0027] In reference to Figure 7, rear axle 42 may include an input 
pinion 172, which may have a splined input shaft 174, that transmits rotary power 
to the differential 42a in a manner that is well known in the art. Briefly, the input 
pinion 172 may transmit rotary power to a ring gear (not shown) of the differential 
42a, which causes the differential 42a to rotate within the housing of the rear axle 
42. A gear set (not shown), which may include a pair of side gears (not shown) 
and a plurality of pinions (not shown), may be employed to transmit rotary power 
to the left and right axle shafts 44 and 50 (Fig. 1). A fastener 176, such as a nut 
or a bolt, may be employed to fixedly, but removably couple planet carrier 141 to 
input shaft 174. Input shaft 174 may meshingly engage a mating internally 
splined portion 177 of planet carrier 141. Housing 138 may include a housing 
flange 178. An axle may be rotatably housed within a differential housing 179 
that may include a differential flange 180. Housing flange 178 and differential 
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flange 180 are fixedly, but removably coupled together using a plurality of 
fasteners 181. Housing 138 may also include a pilot feature 182 that slidably 
engages a mating feature 183 of differential flange 180, so as to permit various 
components of drive unit 40 and rear axle 42 (such as including input pinion 172) 
to be aligned about a common centerline "C". 

[0028] Sun gear shaft 161 may be rotatably supported within housing 
138 along common centerline "C" by a bearing set 184. A shaft seal 186 may be 
employed to seal an end junction of housing 138. Sun gear 162 of sun gear 
shaft 161 meshingly engages the plurality of planet gears 143. Planet gears 143 
in turn rotatably engage an internally toothed surface of internal gear 146. 
Internal gear 146 is rotatably supported on an outer diameter of planet carrier 
141 by a first bearing 188 and a second bearing 190. A plurality of fasteners 192 
may be employed to fixedly, but removably couple third dog-ring plate 160 to a 
portion of housing 138. 

[0029] Figure 7 shows a configuration for drive unit 40 during the high 
range or high speed mode condition of operation in a portion of drive unit 40 
below common centerline "C". The low range or low speed mode of operation 
configuration is shown above common centerline "C". In the high range operating 
condition, shift collar 150 is shifted such that second dog-ring plate 152 and first 
dog-ring plate 148 engage together. In this condition, second dog-ring extensions 
166 engage with respective ones of first dog-ring extensions 164 such that input 
torque received via sun gear shaft 161 is transferred via planet gears 143 to 
internal gear 146, and from shift collar 150 to planet carrier 141. Planet carrier 
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141 thereby transmits high range torque via Input pinion 172 to the ring gear (not 

shown) of differential 42a. 

[0030] In the low range or low speed mode of operation shown above 
common centerline "C" in Figure 7, shift collar 150 is displaced to the right as 
viewed in Figure 7 which causes extensions 168 of second dog-ring plate 152 to 
engage respective ones of third dog-ring extensions 1 70 of third dog-ring plate 
160. Because third dog-ring plate 160 is fixedly engaged to housing 138, internal 
gear 146 is thereby grounded via shift collar 150 to housing 138 and internal gear 
146 cannot rotate. Rotational torque from sun gear shaft 161 is therefore 
transferred in low range via sun gear 162 to planet gears 143 and directly to 
planet carrier 141 such that planet carrier 141 is driven at a predetermined speed 
ratio relative to sun gear 162, such as at a 1 :3 ratio. 

[0031] With renewed reference to Figure 6, output torque from engine 
14 is transferred via transmission 16 to center differential 18, from center 
differential 18 to PTU 20 and therefrom to drive unit 40. Center differential 18 
and PTU 20 operate in both high range and low range modes. All wheel drive 
system 1 0 in high range or high speed operating mode may split drive torque in a 
first front/rear percentage, such as approximately 67% to the front wheel set 28 
(approximately evenly divided between each of left front wheel 26 and front right 
wheel 32) and approximately 33% to PTU 20. In high range or high speed 
operating mode, torque from PTU 20 is transferred via prop shaft 34 to drive unit 
40. PTU 20 may have a gear ratio of 1 :2.73. In the high range or high speed 
operating mode, shift unit 140 translates shift fork 154 in shift direction "A" 
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(Figure 6), drive torque is multiplied by a first ratio and is output via planet carrier 

141 and input pinion 172 to the ring gear (not shown) of differential 42a where 

the transmission 16 torque may be approximately evenly divided between left 

rear wheel 46 and right rear wheel 52. 

[0032] In the low range or low speed operating mode, two speed all 

wheel drive system 10 may split drive torque in a second front/rear percentage, 

such as approximately 38% to the front wheel set 28 (approximately evenly 

divided between each of left front wheel 26 and front right wheel 32) and 

approximately 62% to PTU 20. In the low range mode, shift unit 140 translates 

shift fork 154 in shift direction "B" (Figure 6). Drive torque is multiplied by a 

second ratio and is output via planet carrier 141 and input pinion 172 to the ring 

gear (not shown) of rear differential 42a where the torque from PTU 20 may be 

approximately evenly divided between left rear wheel 46 and right rear wheel 52. 

By changing gear ratios via drive unit 40 on the rear wheel side of PTU 20, 

center differential 18 is effectively operated as a reduction gear set. In this 

example, front wheel set 28 receives approximately 67% of the transmission 16 

torque and rear wheel set 48 receives approximately 108% of transmission 16 

torque. 

[0033] Referring next to Figure 8, in another preferred embodiment of 
the present invention, a drive unit 194, similar to drive unit 40, may be directly 
mounted to PTU 20. A shift unit 196, similar to shift unit 140, is mounted on drive 
unit 194 and operates similar to shift unit 140. A housing flange 198 (shown 
diagrammatically in this view only) is used to directly mate drive unit 194 to a 
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mounting flange (not shown) of PTU 20. Drive unit 194 operates similar to drive 
unit 40 to provide either a high range/high speed operating mode or a low range 
/low speed operating mode. 

[0034] Power take-off unit 20 may be operated as a single speed or a 
two speed unit. For example, PTU 20 may provide a two speed operation having 
a gear ratio of 1:0.61 in the low range all-wheel drive operation and a gear ratio 
of 1:2.73 in the high range all-wheel drive operation. 

[0035] Two speed all wheel drive system 10 of the present invention is 
effective to provide both a high range/high speed and a low range/low speed 
operating mode for all wheel drive vehicles regardless of wheel slip conditions. 
This permits both on-road (high range operation) and off-road (low range 
operation) drivability without significant power loss and with no vehicle speed 
limitation in at least high range. Low range operation may be engaged with the 
vehicle stopped or at very low operating speed to protect drive train components. 
A vehicle speed lock-out system (not shown), known in the art, may also be used 
to prevent engagement of an all wheel drive system of the present invention from 
high range/high speed operation to low range/low speed operation at either a 
predetermined vehicle speed or to preclude operation at a vehicle speed greater 
than zero. 

[0036] By providing drive units of the present invention located 
between the power take-off unit and the rear differential of an all wheel drive 
vehicle, additional arrangement space is freed up for the engine compartment of 
the vehicle and effective two speed operation of the all wheel drive vehicle is 
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provided. Left rear axle shaft 44 and right rear axle shaft 50 in the example 
shown In Figure 1 form a solid rear axle assembly. The invention Is not limited to 
the configuration shown in Figure 1. The Invention may also be applicable to 
independent suspension systems (not shown). 

[0037] The description of the Invention Is merely exemplary in nature 
and, thus, variations that do not depart from the gist of the invention are Intended 
to be within the scope of the invention. Such variations are not to be regarded as 
a departure from the spirit and scope of the Invention. 
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